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Abstract
The relationship between the muscular strength of hamstrings and quadriceps and their possible 
muscular imbalance is considered by many authors as one of the causes of knee joint injury. The aim of 
this work is to assess the exercise program including squat modifications both in terms of progression 
of lower limb strength and in terms of possible change of H: Q ratio. Probands were divided into five 
groups (one control, four experimental). The experimental groups practiced the intervention program 
twice a week for eight weeks (EX1: Barbell squat, EX2: Barbell half squat, EX3: Barbell half squat with 
countermovement). In one training session participants repeated the exercise five times in six series. All 
experimental groups exhibited significant differences in mean values (p < 0.01), indicating the progre-
ssion of lower limb strength measured by 1 RM for barbell squat. The differences in the mean values of 
the H: Q ratio measured on an isokinetic dynamometer in the isokinetic test mode at angular velocities 
of 60 and 300 degrees per second do not show statistically significant differences (p = 0.99338). The 
established strength intervention program is suitable for the development of lower limb strength and 
does not show any changes in the H: Q ratio.
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INTRODUCTION
Sports performances are constantly moving forward. Increasing demands are required from ath-
letes. For all kind of sports, it is essential for athletes to be well prepared for any performance. 
Good physical condition is necessary not only to win, but also to prevent possible injuries. If 
an athlete needs to be musculous, it is necessary to include in their own training program also 
properly designed strength training. Possible muscle imbalances can cause injuries. In the case of 
lower limbs, the literature focuses on the ratio of hamstrings and quadriceps (H: Q).
We approach the H: Q ratio from two perspectives, depending on the type of muscle contraction 
during which maximum strength is produced. If both muscle groups work at concentric muscle 
contraction, it is the conventional Hcon: Qcon ratio. If the hamstrings muscle group works in ec-
centric muscle contraction and the quadriceps muscle group in concentric muscle contraction, 
it is a functional Hecc: Qcon ratio (Delextrat, Gregory, & Cohen 2010).
Both the strength of the quadriceps and the strength of the hamstrings are very important 
for the stability of the knee joint (Tsepis, Vagenas, Giakas, & Georgoulis, 2004). Low H: Q ratio 
can be considered as an indicator of hamstrings injury or anterior cruciate ligament (ACL) in-
jury. For the conventional Hcon: Qcon ratio, the critical value is set at 0.6. For the functional ratio 
Hecc: Qcon, the critical value is set at 1.0. Data should be obtained from measurements at a rate 
of at least 120 degrees per second. If the athlete shows a lower H: Q ratio than the stated limit 
values, the specialist should create an exercise program to eliminate muscle imbalance as well 
as to establish proper cooperation of the agonist and antagonist. Women are more likely to have 
injuries, so their physical condition should be monitored more thoroughly. (Holcomb, Rubley, 
Lee, & Guadagnoli, 2007).
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Squat is being considered a basic exercise for the development of lower limb strength (Cacek, 
& Grasgruber, 2008; Stoppani, 2008). Mausehund, Skard, & Krosshaug (2019) compared three 
types of lower limb strength exercises. Specifically, it was split squat (SS), rear foot elevated split 
squat (RFESS), and single-leg squat (SLS). The exercises show a strength increase in all selected 
muscle groups. Muscle strength of gluteus maximus and quadriceps increases similarly in all the 
applied exercises. The SLS achieves the highest power gain in the gluteus medius. It is convenient 
to include the RFESS in the exercise plan for hamstrings. The SS, SLS and especially RFESS 
should be included in the recovery program for injury or reconstruction of ACL.
For this work was developed a strength program aimed at strengthening muscle groups in the 
lower limbs, which includes only squats. We will investigate whether the program is effective in 
increasing strength and whether the conventional H: Q ratio will change significantly after its 
application. Selected modifications of squat exercises will be assigned to 4 experimental groups. 
These are the exercises: barbell squat, barbell half squat, barbell squat with countermovement 
and barbell half squat with countermovement. The load will also be manipulated. For exercises 
involving countermovement, the load will be around 30% 1RM, for exercises without counter-
movement around 95% 1RM.
METHODS
Subjects
Male students of Faculty of Sports Studies (Masaryk University) participated in the strength inter-
vention. They were randomized into five homogeneous groups (four experimental, one control). 
Using One-Way ANOVA, we compared the mean values of the experimental groups (categorical 
factor: EX1-EX4) from several perspectives (dependent variables: H: Q ratio obtained from the 
dynamometer data at an angular speed of 60 as well as 300 degrees per second and 1RM of barbell 
squat). For all testing, we received p  . Before the subjects were chosen the following factors 
were considered: age, body weight, no rupture of the anterior cruciate ligament (ACL), no health 
complications. The experimental groups consisted of a total of 40 persons (N = 40) and their 
average age was 22.06  2.17 years. Since the strength intervention involved squats (full squat 
and half squat), it was necessary to train all tested persons. The correct technique of squat is very 
important, which is why everybody was trained by an expert before the start of the intervention.
Study design
The purpose of the study was comparing the strength (through different parameters, e.g. measuring 
1RM and data from isokinetic dynamometer) and values of hamstrings: quadriceps ratio before 
and after strength intervention program.
Participants were trained by Czech weightlifting team members in the correct technique of 
squat to ensure safety during both measurement and exercise part of the intervention program. 
We created appropriate exercises to warm up and stretch the muscles and we made sure that the 
participants followed them. All trainees had assistants at all time due to the safety reasons. 
In the detection of 1RM of barbell squat, the test subjects did not exercise with the maximum 
load, but with the load they lifted e.g. four or five times in the barbell squat. The resulting values 
were consequently calculated according to the formulas by Brzycki and Baechle (Baechle, & Earle, 
2008). 
Knee joint muscles were diagnosed on a dynamometer (Humac Norm, CSMI, Stoughton, 
USA). Isokinetic testing, the range of motion was 0°–125° (0° is the maximum extension in the 
knee joint) at angular velocities of 60° per second and 300° per second. Testing of each person 
was carried out in a sitting position, with straps fixed over the shoulders, pelvis and quadriceps 
of the test leg exactly according to the manufacturer’s recommendations. The software of this 
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instrument enables writing anatomical values to define the position of each testing person on 
the machine, the data were recorded and the same position was automatically set for each one 
during the post-tests. All the tested subjects were measured by an identical person. Since both 
tests were very demanding (1RM and dynamometer testing) it was essential to perform them 
forty-eight hours apart. The tests were performed before the intervention (pre-test), 1RM values 
were measured after four weeks when the participants’ load was updated, and post-tests were 
made after eight-week intervention.
The protocol (Fig. 1) of this study includes a timing of measurements and a schedule of 
strength interventions for each of the experimental groups.
INTERVENTION PROGRAM POST-TEST
PRE-TEST
During 2 weeks before
strenght program.
Include isokinetic 
dynamometr, testing
1RM.
During 2 weeks after
strenght program.
Include isokinetic 
dynamometr, testing
1RM.
After 4 weeks of training.
Measurement of 1RM
values in order to
participants train
with appropriate load.
4 experimental
groups practise
strength intervention
program, 1 group is
control.
Participants
excercise 2 times
per week, for 
8 weeks.
One training session
= 5 repetition in
6 series.
1RM update
Fig. 1: The protocol of timing of measurements and strength interventions schedule
Participants were randomized into five groups, four experimental groups and one group was a 
control group. Participants in selected experimental groups underwent strength training equally 
twice a week, forty-eight hours apart for recovery. However, their program and load were differ-
ent as shown in Tab. 1. Knee joint angle of 90 degrees became a critical point in determining the 
difference between a squat and a half squat (Chelly et al., 2010). Within one intervention, the test 
subjects practiced six series with five repetitions of the exercise (Tan, 1999).
Tab. 1: Type of squats and loads for all groups
Group Type of squat Load
Experimental group 1 (EX 1) Barbell squat 95% 1RM
Experimental group 2 (EX 2) Barbell half squat 95% 1RM
Experimental group 3 (EX 3) Barbell squat with countermovement 30% 1RM
Experimental group 4 (EX 4) Barbell half squat with countermovement 30% 1RM
Control group (CON) – –
Statistical analysis
Repeated measures analysis of variance with effect sizes and powers were used to compare the 
change in 1RM values before, during, and after the intervention. Evaluation of the H: Q ratio 
36
before and after the intervention was performed with two-way ANOVA with repeated measures. 
Significance was accepted at the p ≤ 0.05 level.
RESULTS
Results from measurements of 1RM
The comparison of the mean values of the experimental groups (EX1-EX4) obtained before the 
intervention, after four weeks of intervention and after eight weeks when the intervention was 
finished, can be observed in Fig. 2. Considering the value 𝑝 = 0.00489 we can find a statistically 
significant difference of all mean values (ηp
2 = 0,222). Although we determine a significant differ-
ence between the mean values through ANOVA calculations, the post hoc test, resp. Bonferroni 
test confirming that statistically significant differences occur in each experimental group during 
measurement.
TIME*group; Unweighted Means
Current effect: F(6, 72)=3,4327, p=,00489
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
 EX1
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 EX3
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Fig. 2: The Changes of 1 RM values due to the intervention strength program
Results from measurements H
con
: Q
con
 ratio
The data obtained from isokinetic testing of lower limb is suitable for calculating the conventional 
Hcon: Qcon ratio. It can be seen from Fig. 3 that the Hcon: Qcon ratio achieves on average higher values 
when measured at a higher angular velocity. After statistical data processing (two-way ANOVA 
with repeated measures), it is obvious that the mean values do not show statistically significant 
differences with a probability of p = 0.99338. The selected strength program does not increase or 
reduce the Hcon: Qcon ratio. It can also be seen from the graph (Fig. 3) that the Hcon: Qcon values 
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are very low. At an angular velocity of 60 degrees per second, the mean values of all groups (pre- 
and post-intervention) fall below the 0.60 level. Such a low value can cause ACL or hamstrings 
injuries (Hammerová, Králová, Cacek, Kalina, Hlavoňová, & Ondráček, 2018).
Fig. 3: The Changes of Hcon: Qcon ratio due to the intervention strength program 
DISCUSSION
Many athletes use squats in their training programs. However, it is true that many athletes also 
have health problems with the knee joint or problems with selected muscle groups. Therefore, it 
is necessary to consider both the benefits and potential risks of selected exercises. Toutoungi, Lu, 
Leardini, Catani, & O’Connor (2000) report that squats should be safer for ACL than isokinetic 
or isometric extension to develop the strength of quadriceps. At the same time, they say that isoki-
netic and isometric flexion can be safely used to develop the strength of hamstrings. Considering 
the forces exerted on the knee joint and all its structures, the inclusion of a squat in the training 
program should not be harmful to the ACL.
Also, the results of our research show that although there was a statistically significant increase 
in lower limb strength (values of 1RM) in all experimental groups, they did not decrease the H: 
Q ratio values. Therefore, it can be said that even from this point of view, while keeping the right 
technique, squat exercise is suitable. There was probably no significant change in the H: Q ratio 
for several reasons. First, we compare the change in 1RM (specific exercise) with the change in 
the H: Q ratio (non-specific exercise), which was measured by an isokinetic dynamometer. For 
squatting (1RM), there was an average improvement of 21,62% for all participants; for dynamom-
eter measurements, hamstring strength improved by 2,67%, quadriceps strength by 1,86% at an 
angular speed of 60 degrees per second and 5,89% for hamstrings and 6,64% for quadriceps at 
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an angular speed of 300 degrees per second. While squatting (specific exercise) is a multi-joint 
exercise within an open kinematic chain, dynamometer testing is a non-specific exercise within 
a closed kinematic chain. Another factor may be the fact that the strength of hamstrings and 
quadriceps was measured at concentric contraction.
Individual measurements (1RM and dynamometer) do not show similar results precisely 
because of the specificity and non-specificity of the exercise to the measurement. Baker, Wilson, 
& Carlyon (1994) confirm that the principle of specificity (motion structure, type of contraction, 
rate of contraction, resistance size, etc.) should be followed during testing.
Croix, ElNagar, Iga, Ayala, & James (2017), as some of many authors, show that women 
achieve lower H: Q ratio. Specifically, in their research, it was a Hecc: Qcon ratio where women 
achieved lower values at angular speeds of 120 and 240 degrees per second, but not at 60 degrees 
per second. At the same time, in their study, participants achieved a higher H: Q ratio at higher 
angular speeds, which corresponds to our results.
In this research, we can point out following limitations. One of the inconvenience was low 
number of trained subjects. It would be nearly impossible to use in this research more subjects due 
to insufficient equipment, lack of time and finances provided. It is also important to consider the 
fact that all trained and measured subjects were male students of Faculty of Sports Studies. We 
could get more relevant results in case of inclusion of common population. It would be interesting 
to measure also female subjects to compare final results for both sexes. Finally, it would be more 
efficient if we measured the strength of hamstrings during eccentric contractions and according 
to this measurement we might have work with functional H: Q ratio (Hecc: Qcon), which would be 
more applicable. These limitations can be considered as recommendations for future researches. 
CONCLUSION
In summary, we found out that the chosen strength training program had caused statistically 
significant progress in increase strength of lower limbs given 1RM values. The same training pro-
gram didn’t cause statistically significant changes of Hcon: Qcon ratio. To sum up, squats and their 
modifications are suitable exercises, but each subject’s health condition needs to be considered.
The research was carried out as part of the MU project (ROZV/24/FSpS/01/2016).
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